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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the performance 
of MOSFETs in N-MOS AND P-MOS devices. 

SOLUTION: An MOS device is provided by using indium as 
a threshold- adjusting implantation material, which is 
implantation in a channel region 36 in an N-MOS device 
and/or a conductor gate 32, which is located on the 
region 36, in a P-MOS device. Indium ions are 
comparatively high in immobility and the stability of 
the location of the MOS device is achieved at the 
regions of the region 36 and the gate 32, which are 
implanted with those indium ions. The indium ions are 
not easily segregated diffused in the lateral direction 
and the direction vertical to a silicon substrate. For 
minimizing the problems of the skew of a threshold and 
an enhancement in the thickness of a gate oxide film, 
the immobility of the placement of the device is 
necessary. Moreover, it is believed that indium atoms in 
the region 36 minimize the effect of hot carriers and 
problems related to the effect. 
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(57) [gifSj] 

mmi NMOSib^UfPMOSr/H^C^Ij'SM 
0 S F E Tt4|g$:(q]±$*So 

[fP&^MS] NMOSSIfflft^;Hti(3 6) 
£, :te<fctf/£*:«U PMOS^g-Cft^fJS (3 
6) <C±tfcS#(*y- h (3 2) fc:Li*WiIIDgi5&A 




1 

«H3Stt*«±Tf«l83JB 1 £oTMIB3*ifc* 
IStt©:£i£. 

BIB n*£j*r**y9»r fc:IB«© 

u > £> ft 3 *m#.&m± iz, *Ifl«)l:r8fbi/U3> 
6 £I3»©;£&= 

me* u ->u =j>y- Yttu<D-&*mnmzm&%, 



(2 ) *5SB¥8 - 2 5 0 7 2 9 

2 

f»*iDi-rBufBv-x*5<to f HM >«^*^--;i/-r 

5^fy7tm> Sift £ infant:, -Oi^A-f:* 
> *5 <fc v hu i 3 n m -i * > it S v Mz ft^ffi jg tc S£- u ft ^ 

[kscjsio] HiisBaA-rsx^-yrii, 

1 x 1 0 13 at oms/cm 2 <t 0 •fo'i>ft H-X» 
;0 T-v 2 5 OkeV<k!)fc/jN;*WiA:E*;i/3r-t?t3ESte 
SBiJ^ >->*>>ACDBUi3-l'3t->S-^^.SX7 i ->7 , i:4^ 
if, Sf*^ 1 £E«©#*£o 

**i§]8&. 

■fcy^Sj-r&c: i:4S'ht-rsc Liz*. t) NMO S^m 
20 S«±(CfigSbfc^fbMi:s BuEgHbfllfttf-bTiiuES 

s^bTHtrsBtstt^^aA-rsx^yT-iis^^ 

IB p ffiJ-f >tt»* tr— f T-fji3S«©±^^ffi fc*f b 

ti i (Dmziz&xzti. ss>c, 

*>e> (r) fc p^ps ft * e> n fc v -x * «t v v >m 

7 0 O'CZMtLZT—— JVnmzmiW— X*5«fcl5b*U 
>®*S& Sfcii -fa* 5^:7 pff$W^>*5«t 
lfnl^>tf, SlM3|S]^oT^iftLTjS^©ffiBT 

1 2 tcIB«©£i£„ 
1 2 CE«©*JS. 

^.ne>^ ^->©-f >^^7Aftlx 10 13 atoms/c 
m 2 <t t) fc'i>ftu F-XIf, 2 5 0keVJ;D*'J^ 
V > a A i * ;i/ * T- 15 S3 «^ # A -S X r- X i: ft # 
tfs If 1 2 CIB«©»«. 
[ffi$€16] gf^JHl 2Jcg3«6©^^T*l^iiS$n 
50 S> mm\£\SBo 



3 

[ 0 0 0 1 ] 

f e t <Dmt* «±* * « stt««a a«s t H-r * . 

[ 0 0 0 2 ] 

[MfcttffiCDKW] MOSFETf/W^tiam 

£&*>K^ *S«i: UT^U4M0 SFETttNMO SF 
ET ( "NMOS" ) r^W^tffe^o 3tfc:. V— 

U^D^MO SFETr^U^liPMOSFET 

( "pmo s" ) ^w;*-e<fc*o 
[0003] * y ->y 3>43«tt^i»Sbfev— 

^ti*. *y ^> y ^ / h i/ >r 

YbKH©*«T&»K -HKfc:* ^-FRflsKi:, S/ y 3 

>rtt?^y s/y 3>cD*riRi-r*fli®^?BfiR^*xfcy— f 
SfbKfc.fcifv— F w >Hij£<z>±<£># y y 3 > 
^^^tfo ftMBtttttfy ->y 3>*jj;^v— */yv 

[0004] ^<<7)ip]s§iii5ic^y y s/^^atE±<3DP 

F W F— hCS^^TES^n^o nff£ 

*U p^HwOh^PMOSr^WX^^t^^^ 
ifiMR«Jfc:fl*-5. MOSFETl/>f 7^ bBflE3&s«|jp-r* 

&<<Dm-£, nmo sj&m&T^j x<D&*<Dmizft^ 
©BBofe»tPMosaii:*&ot^ftitftiift6 

PM0S«< o 

[0 0 0 5 ] NMOSr/W^a-«^ PMOStA 
-f *.fct>fcB/£b<, ufc><$)£ h*^y7»* M 
taSSUSo fc^^ 1. 



(3) 1WF8-2 5 0 7 2 9 
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fry h^r^ y 7MSNMO Sfl»£:i3^TlH&HJH 

[o o o 6] ^**)]s<D^mtm'hT2>tzvT:tii<, v 

;o ^hoxi (i) bT^* 

^-*-;i/(2tt£#g£2#£C<h#&^ (ii) *y 

bfe^*— >*>*««bi»*. v-vmitm^<D&A 

hWt<kBL*mVLtf it zz b£WH^7 
[0 0 0 7] »^<(Di$a5*SNMOS5 f ^>f ^T-*^ F 

S i MOSFETlC«lt**7b*ty7*ft0 
Jlfirfrl (Suppression of Hot-Carrier Degradation in Si 
MOSFET's by Germanium Doping )j> IEEE El 
ectron Dev. Le t t. , Kl 1# N SI 
^ ( 1 9 9 0^13) Z^MZtltz^o $>2>&ffil*m 

30 ^t^tso mm$}\zmut>tiz>pmY-'i> hi* 1 1 

a. m. u. ©WII^tt^^^lT^^o pTfctf 
>>*H::hi:J:ot. > y 3 >/tf— FB4bMJ!LH0X 
<<£>affiT*p7£F-^> b<^@S^ii^nr^C^T% N 
MOS^W^©US^ffl*JiJ0-J-^ J;-5ft«^-*o N 
MO S^W*l;i;fett*^**;i/T-pfl£ F-/<> F*Jt 

sp-r^c^T% bg^fiitfr^fcM&^ftx iib^ 

[0 0 0 8 ] *i>*twab&«vMK^KJtttb#l>« 
^H*©WJ!rafi9ftEUH*3ieiecb»*. fc^xil ffi 

hbTffiU^>ti^>^^t^ bJRtt^y 3 

* s ^6D^^*;u«a^e>BSbfev— ^/ Ki/^f 
5(7 IC^iib, Cixt«l:oTbS^«BaiiOWS*tt**«* 



5 

[0 0 0 9 ] RSlfeV-VKl/^f >«W*^©«*BI 
©fc»JCs ±fc**y— h»b«^ait»|q|tt6Kb» 

S»fc#ttb»*. Si«»l6-ra*i>SRH:bfc*sor, 

hail/* bD>ftg|ft«^«Ck*s % ±»*Jifc*y hx 

[0 0 10] b*v^«HS«i:bT**JR#^*Tf» 
SCfctt, NMOS«aiC*$^TB«SnTl^SBI«© 
— 0l£T£&^o NMOSkHUt, PMOSSJgfcfft 

*^^®<3&D. —»t:js?-^ ( "sce" ) 
hitm *fcHtji»j*nak^b*. pmost^ 

w >ii«c»br^+'*;i/««©^«c*JB*itJ*r 
e*»#a&«CkftjSbTSfc. *H«fWIB4 i 8 3 
5, 1 1 2-9^*^**15 £-5 fc, IfflOgll^x 

T * * ;i/*a^ v - x / H u >f >««3^ 6 ©ffiK * tt 
««©«>&[S©«;Rsa8W\ pmost^^©*»4 

(Lef f) £*i^iT£o 

[ooii] f-v^;i/f«©^w?l, *©tr-fX*$ 
<trf K-^<>b»K*«tJ*rs^ ktt. PMOSCD1MP 

i/*>*«*»«r*iiik stt*«rast>*v— ^c/k 

Sfcfcfc^yfb*^ ( B F 2 ) £«tr«e&BU 

y-r*m*^br£ttu ^^*;b-NA*«ia**r 

£<, fch^iis fc — (Baker) £>lz£Z> rp + 
*y i/'j3>T^- hSnfcPf+^MOS FE T 
b^UfimjECD^^tt^O^yfScDfeS (Th 
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e Influence of Fluorine on Threshold Voltage Insta 
bilities in P+ Polysilicon Gated P-Channel M0SFET 
s) j , IEDM ( 1 9 8 9) , 4 4 3M-44 6H£ 

£:fetta;hr*>fc&{bfcJU b*utt«jE7?(Z>5/7 h^p 
mo s^w^o^a^qittftiM^fcS^baT*^ 

^SAt^ Cl ht\ -y-> (Sung) rp + 

70 y-bTA^^O^^iteSt^l^?^^^ (Fluo 
rine Effects onBoron Diffusion of P+ Gate Device 
s) j , IEDM, ( 1 9 8 9), 4 4 71-4 5 0M 

[0012] ±t»s#y s/U3>*e»^^*^/««^ 

^^I«it^:i:{t b^i^fflmjE^^r 
a-i:oi^gBK^5^ ttJP W H «# £ b » £ o 

6 a, 7 * Yb* t? m& *> <d y y & & t 

20 K>lc#iM4#ifiS<. — Ht:#yS/y=i>-BMbMt*J:if 

Si:t5o efi»*tt*ys/y3>*$cfcofS/y3>afi« 
fc«3^bTy-bB{b«S»<T*;:fctf»!K dtifc* 

-»tiftiw$x>A>^^>h ( "ote" ) 

ZtlZo OTE(iU^V>f@^:±iftn*^5^(tT-^<. fig 

SbTi^^RfbKrtT-*^ y 7 (S^t'jr) 
^ y T^isiRi: bTisiafciHfbiRS^towm-r^o 

[0 0 13] C©mgSCD±t|5l^B^%T*$)S^^^ ^ K 
7>z/j- — A (MohammedAnj um) 13 £ *K 

(Semiconductor Gate Conduct 
or with Impurity Migration Barrier and Method for 
Producing Same) j tM^titz, ft9£nX3*U SSS 
»«*a>*H«Wm«te:J:oT««*iifc4:*0^ *y 

Tl:*5y- rBMbJR*5J:tf 

#feo y;i/v-»>ACD<ta3&^^y TaA«j*±5E*tifc 

ttJ«T«5*£ixfc i:** 5 coy- bttHlz-$z_Z> ztlz 
fcJU »k:#*&ns*^5R*tett^!y<b^^*«t t) *)« 

mtztiZo c-5bTs *y ^y 3 >{bs 

^ ^ y 74 xy&zm&xy 1 v ^r^y yy^ ho 
riA^ti^o ftiPW^^^^-^AaA^^^y 
5^ RfofcU iEWt^^y 7-Y^>$aAL^(ttiKfe?)^^ 
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[0 0 14] ±iE©S»*iiDTSlBS$n*:J:-5H^ P 
MO S*<fcVNM0 S^W^©St4««^aA#nfc 

<3E)tt^t:*v^T»^'<©B3^B*^6S•r*o 

NMOStJcfc^PMOSlC^tSUS 

©V— */FW>* *£**fctt:7 Mb**3Ri£A© 
y > U 3 >*5 .fcrrv— Ki/>f>Sa0iSi:fK)ri 
[0015] 

jM*&Sft* 0 T&fcfe, NMOS*,fcV/*fcttPM 

So *5*5«fc-^l 14 a. m. u. CDJK^SS^WT £ -f 
V^^AiiNMOSr^ *CD^**;i/«JS'MiA*ft 

a^&-y v^^Ajg^f ^coaA^nfeffiB^&iiWfe 

»«i^**i)««f*j:tfa«Latv^«Bi*#rft. £fe 
hftfbK^ffla&i-cttitiBcbttv^. -a it, >r>^ 

*Afc*NMO S i£iMBWiffiaA«j4: lt> **SS*jB 

y-h»YbJK^»»UTOTE 
H«££C*MrRl*&£ &*f£&^ 0 PMOSlItS 

Hfc#* fenfctf y > y rr >-\cd#— y 7<Z>?iA^ 

^A&^©£*©)RSgT-PMO S^W^CDp^K- 

>ffit**HW»:*»t*. £fe£, **a-f >^i>A 
[0 0 1 6] PMO SjrafcHBLTKWSnfccfc-S 
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■>A#V— */Kl/-f >®tS©pJBH--^> b*: LTfft 
t>'J>ftV^**y ^iftWCS*. 

Att«a«iiMtt«*B»s c t t?* y y 3 >mniz& 

MO Sfitt«ttErtT*Bt-© F-/t> b £ LT*?£*l£ 
[0 0 17] ^S^W^KJtkffiAffiH^lt^natt 

20 *fefc»K&CDtt, g^M^rtcoffl^P^tife. ai^Eflt 

©^^^^i^^^;u^7Xm^ct^fi^Ti&^T^o its 
"t, 5^»>3R*sa«nfcV— ^T-fc*3&fe«x KlrMH^Jl 

j<? <#^.fen&-e*5-5o >r >^^Att^T>*sfett7 * 
fb^^lR«fc»?*iS : ?Sfi^§VNCDT% -£bfc, it« 

*d ^**;i/©ft£#«^-r*fcx 

[0018] sit, cicD»wttiii«ssss»3e-r4fc 

iffi±i:PMOS, NMO S SfcliPMO S*5«fcVNM 
OSt;WXCD8^ (-r^t>-fe, CMOS) SJBfiEr 

>v^A^^>«i»:ic N nat^itSttMtitAt 
cntiot, *ys/y b»»a$*icstt 

iii±(:«S$n, NMOST^^OlSt^lMtt 
5^ >^^^(CriA^n, PMOSr/W^OV-VKl/ 
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[0 0 19] NMOST^W^^bS^ffiMfiB&AtC** 

Msa©»a u < (i-ifby y ^ >T-fe**fi«Ji 

[0020] ^t*;i/saic}iA$tife>f v^a&n 
mostm>( *<Db#^M»»fcbT+#*MBU tt 

— ;*/ h* U-f >It| 0 nia A-f ^ > ^ © ©S^ ^ 
£A>f ;*>t;:«ittbfc*S&3*<b>f #>T*fc!3> b^c 
oTLefflil^n^o ^ + *;i/SA$n 

[0 0 2 1 ] PMOSf^^CHlt, >f V^AIS 
V— */l*W>F — >^>h£bT2fl:tT-#<> PMO 

s^^*;n»«6D±fc:fc*^y^y3>i*i©^g<. m 
»tt©»*>f >^*A>f *>tt*y s^y 3 >b«««* 

*> N T«cfc*^^*A/««^Nh«»tltt»tt-fr1". bfc 

»bfcOTEHS£fcteb#V>ffi**^-££b&^o 
l^ot, >f V^AIii^rn^^m^tU 
^-Wb**tfc*#*y-b#****&H Tfcfc*?-* 
*;i/«tt^ Sfcliv-V^OW*^ RSI 

tt-f A *«fc if 7^ tmWLTZZ£& 

[0 0 2 2] »ft©iaS*#^ 

[ 0 0 2 3 ] 

ttBffl©«£j;oT^Sft, c<2^«T*P«cl&^£ 
ft£o brt»bfc* s *K DHffl*5€tV*©»«a:BiflBttCflD 
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ftt\ tt»©WW§»*©ttHt:J:o-ca**naJ:d 

«ts pmo s*5«fctf/*fcttNMo sfOw;*ft«i«-r 

s« i o h:»* l < Ht^> y 3 >^-^©*«ii«at?ft 
S« l o^i^-^siS&p^;!/ l 2:fc£tf/£ 

«d*«^t «t*fciiaAi:j;ot) jfcjasft, - 
[0025] mi fc^> y a xz>ss»fb ( "loco 

S" ) t*l«lo07Ty7S«*n. LOCOS 

Ms »*b<tt»fbK*±^affil 6<D±mzt>ta~o 
20 ffi£ft£<z>fcfc> »*tt««cBA*te«)^»fbfc:»->-Sv 

^^im^n^iTfe^o aiiD*ifMtt*mtt 
sfb*> y =3 >^^o -iift^> y ^ >#gHbflg©±£ 

fbK©ii;&<B--a5£«tifciu a«w«cjiy^>^-rs© 

Jcfflue>ns FBWbffit2 0©T£ 

1 so;**— wb$ftfe«^*»wr*« p^^;h2 
ftcfclfn^x;!/ 1 4#|Hjb^y y 1 0 ±izm 
f&Zti2>te*>&, /*jr — >{b2ti1±A{hi'V ^> 1 8*5 
<fctf;W KSfbK2 0tt*C7 3i;i/(Z)±*affi 1 6TrSt4 

rg«««j ttttTtlMB* ft* J: 5 U S/ U 3 

«T-fe*o bfctfoT, Stt««i«iia2&#WbTBlR8 
7 -r H»<bK©PJicJBfiE*ft*«aT-fcSo 
[ 0 0 2 6] H2[4Hlt«<^T^7taft^ , ;3> 
18M< ft^«ta?<Z)«M* -«fc:-BMb^ y > 

2 2CDMfi^n 0 SHbM2 2ttJt*M9J*<* tS 

40 ftR2 2®Rt:M$ftftlS1xM«2 4t»lt«. IS 
I4W2 4B, 7-f — ;H*»flsK2 2^1lfcitl 
ft^>y 3> 1 8U«t^y KKfbK2 0©rffiS$ffit)l» 

^fceskutms. a<b->y^> i 8*$«t^^> 

KBMbK2 0*BtD»< fc, Jgtt**lfc©*«ffibfc± 
5&«flS16i«S*. bfc#oT, HthSbfcS«Mi^2 4 

£ft£, iiA^ftfe-f^^^^ilfc/ffillJtS 

[0 0 2 7 ] &£EI3 *#JB-r*i:> EI2iZi^<^^^ 
r^>f >S^A#ffitS*JS2 4ASA$ft5iS^ft 



(7) 
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£o H3lip«>xM 2*5«fctfn^x;i/ 1 4CDStt«tt 
CDjfi^^tfDtfl^Wfc-f >^£A&Aftia^TSo bfrb 

r-e^^nfe^- bSHbMft^bTWw;:i?AT-§ 
rt^^^nfe^^w^cDb#ufi^iiig5-r^^to^ffi i<? 

1>5>*U HUB 2 6tei£lW >^»)AaAfe Sfcfcfc^ft 

[0 0 2 8 ] >f >i^A&, tgSSOM >^">AStK 
U lxl0 12 atoms/cm 2 i)^lxlO i3 at 
oms/cm 2 (D$6Bft<90!l^69& K — XST*-Y >S?i> 
A-T3i->&JPiSr^-f *>i£ASE«ftfl§^Ti£AS*l 
£<> iP-a© h £ N I^II 114a. m. u . CO 

*;i/*"Ci&fln?Sa. -«ibt> i£A^*;i/3=fcfc2 2 

0 k e V <fc t> **S^zk*reJR*U 1 6 CDT^ 20 

*Sffi«ttS2 4fc*Jlvr»Vu #£b<tt3^*D> 
[0 0 2 9 ] p t> ^fr 1 2 2 6 ^6!M > ^ 

fi^ii^n-r^o miz, n^x;n4 0gtt»a2 6^© 
<z)b&t>ffl&«'>-r£o 

[0 0 3 0 ] 04$#^«ks »48 5 ££«8(£>r£te 

HltSOlcSi^o «a2 6tty-Miftlfi3O0Tl: 
>f>^">AaA2 8Sttro -f>^'>Aia2 8liy- 

»fcJKfifcSn*. bfctfoTs >f>^->Aft|2 8(il 
«1 0<£>±#3l® 1 6©T*0»J«9*nfcffi«t?y— b 

* 0 i^ot> >r >^->A?iA«a2 8«y— tmib 
13 o ft »»t»j»-r * k ut+»« 

[ 0 0 3 1 ] H5 4#«TSts H3(^^ia5iC?&d»T 
«4V-^/KU-f >««3 40Mfc:B^tlfc*t*:y- h 50 



ftm¥-8 - 2 5 0 7 2 9 
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3 2ft*1-*pr>i;i/l 2rt6DStt««2 4ft»r. V 
— ^/ K U-Y >««3 4BU fcjfc (As) $fcteV> 

(p) ot^■^*^^A»•e**nJB-f ^->T-cDaBS-&ffliSft 

[ 0 0 3 2 ] B 5 O V-^ / H 1/ >f VitAliB 3 
y^-CiBu^ CCT-s -f >^«>A>f *>ttStt« 
ML 3 2*,fclfy-b»-fbBl3 0©T 

£&£^**;Hg*iS3 6rt£^#>ifffi£ft£o bfc#o 
T> -f >^>A&A««2 8tt*-**;i/««3 6fitV 
-A/KW >fS3 4©P^i3^jER^tl5o E150NM 
0S«JlfcMS< F-7^tlfeKl/^> ( "LDD" ) A 

IK K-:7Sftfc««4 ITM^tl^o b^b 

LDD«4c^^0^ft^ff -r^cDic^^^n^o) 
;W A^^afflttft^^J^WftBWofc^iccD^ffli^ 
[ 0 0 3 3 ] B6*#I«k s BSOMaet^B 
->*?*?lxM=T-4 2ft^"T£ bg^ttSB 

B>f >^»>AitA«a2 8 swsno -tvs^aj®^ 
t>frfrt>*>?, -ecDaA*n&<SBfttt«prso 

i>AJH^4 2tt^:S5aiB^Hfi<jDfc«)t:. ->y=i>«? 
ft^UTBSJbfc (**fctt±tcfca) ffi«^ift-r* 

•)Ae4 2a^n o m4R£* y-h^fbM3 0 
<Z)T;&*®<3DiS<<ZM >^^A/H^4 2 a&y-hSHb 
13 0^|Rj*>oTfiJ«{ft«4 2 b^b«tt^»r*« 
itAffl«**61t«W«in3ftir>iii:t?. ii^nfcOTE 

[0 0 3 4 JH6BS6I:, *y h^t'jrMWt 
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